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USE OF CONE BEAM COMPUTED TOMOGRAPHY IN THE DETERMINATION 
OF MENTAL FORAMEN LOCATION IN RELATION TO MANDIBULAR 1ST AND 
2ND PREMOLARS 
 
By Sanjay P. Bhagchandani DMD, BS 
 
A thesis submitted in partial fulfillment of the requirements for the degree of Master of 
Science in Dentistry at Virginia Commonwealth University.  
 
Virginia Commonwealth University, 2010  
 
Program Director: Karan J. Replogle DDS, MS,  
Chair and Postgraduate Program Director, Endodontics 
 
The purpose of this study was to use existing Cone Beam Computer Tomography 
images to determine the vertical and horizontal location of the mental foramen in relation 
to the mandibular first and second premolars, as well as the distance in millimeters from 
the apex of each.  The distance from the inferior border of the foramen to the inferior 
border of the mandible was also recorded. 
 
The average distance from the apices of the mandibular first and second 
premolars to the mental foramen was 7.43mm (SD= 1.97) and 5.30mm (SD=1.65) 
respectively.  The foramen was located 11.44mm (SD=1.49) from the inferior border of 
the mandible. The foramen was in line with the apex of the mandibular second premolar 
41% of the time.  The mental foramen was further away from the inferior border of the 
mandible in males and older patients.   Mental foramina seemed to be positioned more 
apically and distally in older patients. 
 
 
 
 
 
Introduction 
 
 
 
Knowledge and location of neurovascular bundles and sinus structures in the 
mandible and maxilla is essential in the proper placement of implants, successful 
osteotomies, and complication free apicoectomies.  Without proper identification of 
anatomical landmarks, surgical complications can include, but are not limited to, sinus 
floor perforation and neural trauma. 
Neural trauma is seen mostly in the mandible and can be attributed to damage to 
the inferior alveolar nerve or the mental nerve (31).  Without knowledge of the location 
of the neurovascular bundle, surgical procedures can lead to bruising, transportation, or 
complete dissection.  Any of these complications are known to cause dysphasia, 
paresthesia, or anesthesia.  Advanced planning and three-dimensional knowledge of the 
surgical site anatomy limits unnecessary sequelae. In addition to locating the foramen to 
avoid surgical complications, the location of the foramen should also be determined so 
that it is not confused for a periapical lesion approximating the apex of either mandibular 
premolar. 
      The mental nerve is the general somatic afferent nerve that is the terminal branch 
of the posterior trunk of the inferior alveolar nerve, which is a branch of the mandibular  
division of the trigeminal nerve.  The nerve is accompanied by the mental artery, a 
branch of the inferior alveolar artery. The mental foramen is the anatomical landmark that  
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represents the exit for the mental nerve from the inferior alveolar canal (1,2).  After the 
mental nerve and artery pass through the foramen, they supply sensory innervation and 
circulation to the areas of the skin of the lower lip, chin, and the alveolar mucosa and 
gingiva anterior to the second premolar. 
 Determination of the mental nerve’s position is essential in avoiding damage to 
the nerve during various surgical procedures.  The mental foramen, usually located on a 
radiograph as a radiolucent circle, can be confused with a periapical lesion approximating 
the apex of either mandibular premolar.  Much effort has been given to locating the 
mental foramen.  Many authors have dedicated themselves to describing the size, 
location, and orientation of the mental foramen utilizing either dissected mandibles or 
radiographs.  The diameter of the foramen has been found to range from 2.47 - 7.3mm (3-
6).  Horizontal location of the foramen, in relation to the apices of the mandibular 
premolars, varies among researchers.  Some studies show that the majority of foramina 
are apical to the second premolar (7-11), while others demonstrate that the foramen is 
most likely to be found mesial to the apex of the second premolar (5,12,13).  Vertical 
position of the foramen, in relation to the root apices of the mandibular premolars, is also 
of interest during surgical procedures.  The foramen can exist either above or below the 
apex of the second premolar (12,14).  Once the canal exits from the foramen, the 
orientation of the mental nerve has been found to be mostly in the posterior or posterior-
superior direction (6,15,16). 
 The mental foramen has no distinct anatomical landmarks and is not easily  
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visualized or palpated.  Due to difficulty in locating the mental foramen, the data from 
these previous studies have been used to help plan ahead for various surgical procedures.  
The data have been obtained by either direct dissection of human mandibles or by 
measuring radiographs.  While radiographs give the practitioner an idea of the location of 
the mental foramen, they do not give a three-dimensional image of the orientation of the 
neurovascular bundle, nor do radiographs help differentiate the mental foramen from an 
apical radiolucency associated with pulpal pathosis of the mandibular premolars.   
The ideal image for the planning of surgeries in the area of the mental foramen 
would be an image that is three dimensional in nature and has a very high spatial 
resolution at low exposures.  These attributes can be achieved with Cone Beam 
Computed Tomography (CBCT), which not only make it an ideal form of imaging, but 
also allow for a precise understanding of the relationship between structures in an 
anatomically complex area (17,18). 
 The use of panoramic radiographs has demonstrated the ability to clearly visualize 
the mental foramen only 49-64% of the time (3).  Likewise, periapical radiographic  
location of mental foramina proved to be accurate 46.8-75% of the time (6,12).   These 
studies have shown that the use of periapical or panoramic radiographs can be limited due 
to focal plane shape, projection geometry, vertical over or under angulation, horizontal 
angulation, and faulty patient position (19-27).  Due to some of these limitations and the 
progression of technology, CBCT has gained popularity and acceptance in all fields of 
dentistry (28).  CBCT has proven to have an error of less than 0.6% when measuring 
mandibular anatomy (29).  It also has proven to be accurate when measuring  
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simulated bone defects in acrylic blocks with a mean width accuracy of -0.01mm and 
mean height difference of -0.03mm (30). 
Due to the importance of the location of the mental foramen when planning for 
dental surgical procedures (31), the lack of agreement on the location, size and 
orientation, and the advances in CBCT, a more updated study of the foramen was 
initiated.  The purpose of this study was to use existing CBCT images to determine the 
vertical and horizontal location of the mental foramen in relation to the mandibular first 
and second premolars, as well as the distance in millimeters from the apex of each.  The 
distance from the inferior border of the foramen to the inferior border of the mandible 
was also recorded. 
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Methods and Materials 
 
 
 
 Data from CBCT examinations of 29 of a total of 93 patients who had undergone 
dental implant, maxillofacial surgical, surgical endodontic, or orthodontic treatment 
planning from August 2008 to December 2009 were retrospectively analyzed. Patients at 
Virginia Commonwealth University sign an informed consent allowing the use of 
radiographs and other data for use in retrospective studies.  Excluded were seven patients 
being evaluated after mandibular surgery, fifty-one edentulous, and six patients with 
severe craniofacial abnormalities such as Pierre Robin syndrome and Treacher Collins 
syndrome.  
 A CBCT unit, NewTom VG (QR SRL, an AFP Imaging Co., Elmsford, NY USA), 
with an amorphous silicon flat-panel detector was used. The exposure volume was set at 
16 cm in diameter and 14 cm in height. The voxel size was 0.3 X 0.3 X 0.3 mm. The scan 
was set at 110 kV and 1-20 mA (pulsed mode), as recommended by the manufacturer. 
Patients were positioned with the occlusal plane set parallel to the floor base using a head 
strap and a chinrest. The DICOM files of the axial images were saved to a portable hard 
disk (HD).  
Volumetric data from the 29 CBCT examinations was reconstructed to produce 2- 
dimensional images in serial planes as well as 3-dimensional images of the entire 
mandible.  A desktop computer (Dell Inc., Round Rock, TX USA) using NNT software  
- 5 - 
(QR SRL, an AFP Imaging Co., Elmsford, NY USA) was used to reconstruct the images.  
Once images were reconstructed the location of the mental foramina became clear in the 
body of the mandible.  Apices of mandibular premolars also became evident through a 
series of cross-sectional cuts from the coronal to apical portions of the premolars. 
Six measurements relating to the position of the mental foramen were taken on 
each side of the mandible using the NNT software.  Two of the measurements represent 
the distance, in millimeters, from the apices of each mandibular premolar to the mental 
foramen.  The measurements were true 3-dimensional measurements that represented the 
shortest straight-line distance from tooth to foramen.  In other words, the measurement 
represented the hypotenuse represented by the angle made up of the height from apex to 
foramen and depth through the mandible from apex to foramen (Fig. 1a & 1b).  A third 
measurement was the distance from the base of the foramen to the inferior border of the 
mandible (Fig. 2).   
 
Fig. 1a and 1b:  Marking of the apex of the mandibular first premolar (1a) and the mental foramen (1b) for measurement 
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Fig. 2: Measurement from base of foramen to inferior                Fig. 3: Mesio-distal position of mental foramen 
           border of mandible 
 
The three remaining measurements were qualitative in nature.  The coronal-apical 
position of the foramen in relationship to the premolar apices was recorded, as was the 
mesio-distal position of the foramen in relation to the roots of the mandibular premolars.   
Straight lines were drawn through the crowns of the mandibular premolars and the mesio-
distal relationship was defined as either mesial to first premolar, at the apex of the first 
premolar, between first and second premolar, at the apex of the second premolar, or distal 
to the second premolar (Fig. 3). 
In order to determine if there were systematic differences between males and 
females, the left and right side, or age related trends, these covariates were used as 
potential predictors in multivariable models. For the quantitative measurements (the three 
distances), a repeated-measures multi-way ANOVA analysis was used. For the  
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qualitative measurements (the three position variables), a repeated-measures multi-way 
logistic regression analysis was used. When screening for potential relationships an alpha 
< 0.2 criterion was used.  
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Results 
 
 
 
A total of n = 29 patients (58 foramina) were assessed by CBCT, with an 
approximately equal number of females (n = 15) and males (n = 14). The average age 
was 46.5 years (SD = 15.9, range = 19 to 76). Overall, the location of the mental foramen 
in millimeters is shown in Table 1.  Horizontal location can be visualized in Figure 4. 
Table 1: Overall Location of the Mental Foramen 
Characteristic       
Distance to (mm): Mean Std Dev Min Max 
 1st premolar 7.43 1.97 3.5 12.5 
 2nd premolar 5.30 1.65 2.1 10.1 
 Inferior border 11.44 1.49 8.2 13.8 
 n %   
Horizontal position   
 Distal to 2nd premolar 9 16  
 At 2nd premolar 24 41  
 Between 1st & 2nd 22 38  
 At 1st premolar 3 5  
 Mesial to 1st premolar 0 0  
Vertical position relative to 1st premolar   
 Coronal 10 17  
 Apical 48 83  
Vertical position relative to 2nd premolar   
 Coronal 10 17  
 Apical 48 83    
 
The relation between horizontal and vertical position is shown in Table 2. 
Vertically, the location is apical to both the first and second premolar root tip (45 out of  
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58) and is either at the 2nd premolar or between the 1st and 2nd (22+24 out of 58). 
Table 2: Horizontal and Vertical Position 
 Horizontal Position 
Vertical 
Position 
(1st, 2nd) 
Distal to 
2nd 
premolar 
at 2nd 
premolar 
between 
1st & 
2nd
at 1st 
premolar
Mesial to 
1st 
premolar Total
C,C 1 3 3 0 0 7
C,A 0 2 1 0 0 3
A,C 1 0 2 0 0 3
A,A 7 19 16 3 0 45
Total 9 24 22 3 0 58
(CC=coronal to apices of both 1st and 2nd premolars, CA=coronal to 1st and apical to 2nd, AC=apical to 1st 
and coronal to 2nd, AA= apical to apices of both 1st and 2nd premolars) 
 
Fig. 4: Mesio-distal Position of Mental Foramen Percentages 
 
- 10 - 
In order to determine if there are systematic differences between males and 
females, the left and right side, or age related trends, these covariates were used as 
potential predictors in multivariable models. For the continuous outcomes in Table 1 (the 
three distances), a repeated-measures multi-way ANOVA analysis was used. For the 
nominal outcomes in Table 1 (the three position variables), a repeated-measures multi-
way logistic regression analysis was used. When screening for potential relationships 
between variables in this study, an alpha < 0.2 criterion was used.  
Table 3 shows that there are sex-related differences on the distance to the 1st 
premolar (p > 0.18), but that there is no evidence for differences in the distance to the 2nd 
premolar (p > 0.26). There does seem to be clear indication of sex and age related 
differences in the distance to the inferior border (p < .003). There is evidence for 
horizontal position differences related to sex (p = 0.08), but not for age, or side (p > 0.2), 
but there is some evidence for right/left differences on the vertical position relative to the 
1st premolar (p = 0.16) but not the 2nd premolar (p = 0.5).  Significant p-values are in bold 
in Table 3. 
Table 3: Screening for relationships, p-values 
 Distance to  Position 
Predictor 
1st 
premolar 
2nd 
premolar 
inferior 
border  
Hori-
zontal
Vertical, 
1st
Vertical, 
2nd 
Sex 0.1719 0.7466 0.0004  0.0823 0.9098 0.9029 
Age 0.7081 0.6896 0.0027  0.2244 0.2692 0.7568 
Right/Left 0.3773 0.2680 0.4550  0.7026 0.1550 0.4853 
 
The relationships between each of the predictors and the distance measures are 
shown in Figure 5.  For the distance to the first premolar, females have an average 
distance of 7.87 (SE = 0.457, 95% CI = 6.93 to 8.81) while males have an average  
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 distance of 6.95 (SE = 0.473, 95% CI = 5.98 to 7.92). Distance differences for the 2nd  
premolar were not found to be significant.  For the inferior border measurement, the 
distance increases 0.0885 (SE = 0.0118) for each year with females having an average 
distance of 10.73 (SE = 0.257, 95% CI = 10.20 to 11.26) while males have an average 
distance of 12.21 (SE = 0.266, 95% CI = 11.66 to 12.75). 
Fig. 5: Trend Differences between Age, Males and Females, Side of Mandible  
(X axis: Variables, Y axis: Average Distance in Millimeters for 45 Year Old Female on Left Side of 
Mandible) 
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The relationship between horizontal and vertical positions, gender, age, and side 
of the mandible are shown in Figure 6. To show the relationships to horizontal position, 
the “at 1st premolar” category (n = 3) was collapsed into the next category, “between 1st 
and 2nd”. The vertical scale in Figure 5 is the proportion in each outcome category where 
“d” = distal to 2nd premolar, “b/t” = between 1st and 2nd premolars, and “2” = in line with 
the 2nd premolar.  The lines show how these proportions change depending upon the 
predictor. In the top-most figure, the probability of the position being in “d”, “b/t”, and 
“2” is shown, respectively. The proportion of cases that were in the “d” location is 0.179 
for Sex=f, Age = 46.5 (the mean), and Right/Left=l.  As may be seen, this proportion is 
essentially unchanged for Sex=m (the line is flat), but increases slightly for older cases 
(the line increases), and is essentially unchanged for the right side. For these same levels 
of the predictors, the proportion “b/t” is 0.25 and the separation between the lines (and 
the downward trend) show that this proportion is higher for males, decreases with age 
(the separation between the lines is less), and increases slightly for the right side. For 
these same levels of the predictors, the proportion “2” is 0.571 for females and decreases 
for males. The proportion “2” increases substantially with age and is nearly unchanged 
for the right side. 
 The middle pane of Figure 6 shows the proportion of foramen located apical to 
the apex of the 1st premolar (“A”) or coronal to the apex of the 1st premolar (“C”). For 
females of age 45 on the left side, the proportion “C” is 0.227. There is no apparent 
difference for males but the proportion increased with age and decreased on the right side  
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(although not significantly). The bottom pane of Figure 6 shows the proportion “A” or 
“C” relative to the 2nd premolar. The flat lines indicate that these proportions are 
essentially unchanged by sex, age, or side. 
Fig. 6: Relationships between Horizontal and Vertical Positions and Sex, Age, and 
Side of Mandible  
(d = distal to 2nd premolar, b/t = between 1st and 2nd premolars, 2 = at 2nd premolar, A = apical to apex, C = 
coronal to apex) 
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Additionally, the differences were tested between the mean distances depending 
upon the three position measures. A multi-way ANOVA indicated that horizontal 
position is related to the 1st premolar distance (p = 0.0020) and to the 2nd premolar 
distance (p = 0.0008) but not the distance to the inferior border (p > 0.8) (see Table 4). 
The lower panel of Table 4 shows the mean distances depending upon horizontal 
position.  
There also appears to be differences in the 2nd premolar distance depending upon 
the vertical position relative to the 1st premolar (p < 0.03) and the 2nd premolar (p < 0.1). 
The distance to the 2nd premolar is 4.67mm (SE = 0.49) for those coronal to the apex of 
the 1st premolar and 5.98mm (SE = 0.37) for those apical to the apex of the 1st premolar. 
The distance to the 2nd premolar is 5.83mm (SE = 0.49) for those coronal to the apex of 
the 2nd premolar and 4.83mm (SE = 0.38) for those apical to the apex of the 2nd premolar. 
Table 4: Relationship between Distance and Position  
(P-values Bolded are Significant) 
 Distance to 
Position 
1st 
premolar 
2nd 
premolar 
inferior 
border
Horizontal 0.0020 0.0008 0.8217
Vert. 1st 0.4731 0.0293 0.1610
Vert. 2nd 0.7057 0.0957 0.9516
 
Estimated Distance Depending upon Horizontal Position (Distance in mm) 
Horizontal Distance to 1st premolar 
Position Estimate 95% CI 
 Distal to 2nd premolar 8.97 7.64 10.30
 at apex of 2nd premolar 7.51 6.61 8.41
 between 1st & 2nd premolars 6.20 5.33 7.07
 at apex of 1st premolar 6.35 4.54 8.15
 Distance to 2nd premolar 
 Distal to 2nd premolar 4.33 3.27 5.39
 at apex of 2nd premolar 4.55 3.84 5.27
 between 1st & 2nd premolars 6.11 5.42 6.81
 at apex of 1st premolar 6.30 4.78 7.82
- 15 - 
 The relationship between distances to the 1st and 2nd premolars and the position of 
the foramen is shown in Figure 7. 
Fig. 7: Relationship between Distance from Apices of 1st and 2nd Premolar to 
Foramen and Horizontal and Vertical Position of the Foramen  
(X axis: Average Distance in Millimeters for a Foramen that is Positioned Between and Apical to both 
Premolars, Y axis: Position) (d = distal to 2nd premolar, b/t = between 1st and 2nd premolars, 2 = at 2nd 
premolar, A = apical to apex, C = coronal to apex) 
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 Table 5 illustrates that correlations were noticed between the distance 
measurements between right and left side.  Based on correlation analysis, the distance 
from the right 1st premolar to the foramen can be used as a reasonable predictor for the 
distance from the left 1st premolar to the foramen.  The same can be said for the 2nd 
premolars and the distance from both premolars to the inferior border of the mandible.  
Correlation values approaching 1.00 indicate a higher incidence of predictability.   
Table 5: Correlation of Left Sided Measurements and Right Sided Measurements 
(Correlations are Highlighted) 
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Conclusion 
 
 
 
For years researchers have been trying to determine the location of the mental 
foramen by using conventional periapical and panoramic radiographs.  The use of these 
modalities only allows the practitioner the ability to adequately determine the foramen’s 
location in 46.8-75% of the time (6,12). Due to the varying reliability of these types of 
radiographs, research has varied greatly regarding the anatomy of the mental foramen 
(3,5-9,11,12,14-16). 
The use of CBCT has proven itself to be a highly accurate tool for measuring in 
three dimensions.  CBCT has been shown to have an error of less than 0.6% especially 
when measuring mandibular anatomy (29).  Application of such an accurate technology 
has allowed this research to elucidate the relative positions of mental foramina. 
Of the 29 patients assessed by CBCT analysis the average distance of mental foramen 
from mandibular 1st premolar was 7.43mm (SD=1.97), from mandibular 2nd premolar 
was 5.30mm (SD=1.65), and from inferior border of foramina to the inferior border of the 
mandible was 11.44mm (SD=1.49).  The realization that the foramen may exist as little 
as 3.65mm from a root apex is especially concerning since many studies have shown 
periapical lesions and osteotomies as large as 10mm in diameter (32,33).  This fact may 
alter the way practitioners treatment plan surgeries.   
- 18 - 
Upon examination of the horizontal and vertical positions of the mental foramen, 
the foramen was located at the 2nd premolar in 41% of cases and between the 1st and 2nd 
premolars in 38% of cases.  Previous studies have shown the foramen to be at the 2nd 
premolar in a greater percentage of cases.  These studies found the foramen in line with 
the 2nd premolar in 42- 62.7% of cases (5,10,11).  Only one past study had a 41% 
incidence of the foramen between the 1st and 2nd premolars (13).  The current study also 
differed from past studies in the vertical location of the mental foramen.  Eighty-three 
percent of mental foramina were found apical to the apices of the 1st and 2nd premolars.  
This finding differs greatly from the findings of previous researcher which found the 
foramen to be coronal to the apex of 1st premolars 38.6% of the time, at the apex 15.4% 
of the time, and apical to the apex 46.0%; coronal to the apex of 2nd premolars 24.5% of 
the time, at the apex 13.9% of the time, and apical to the apex 61.6% of the time (12).  
The study also illustrates that sex and age can have some significance on the 
position of the foramen.  These trends are particularly clear for the location of the 
foramen in relationship to the inferior border of the mandible and in the foramen’s 
horizontal position.  The foramen is distinctly farther away from the inferior border in 
male patients and older patients.  An increase averaging 0.0885mm per year of  
patients’ age is seen.  Based on the significant differences between sexes regarding the 
distance of foramina to the inferior border of the mandible, the measurement may be 
useful in identifying the sex of human mandibles in the field of forensics.  
There is a tendency for greater distal positioning of the foramen in female patients 
and in older patients.  Additionally, the foramina of older patients have a trend toward 
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greater apical positioning in relation to the mandibular 1st premolar.   
Considering the increased distal and apical positioning of the mental foramen 
seen to occur as age increases one would hypothesize that the foramen must move as 
people age.  The prevailing thought from numerous growth studies over the last century 
was that facial skeletal growth stopped soon after puberty (34).  However, recent studies 
have shown continued facial skeletal growth through adulthood (34-37).  As we age 
(range = 25 to 83), the overall length of the mandible, as well as the body and ramus, 
increases.  Males have more of a downward and forward movement, while females move 
straight down (35).  The height of the mandible increases 2.5 + 2.0mm though adulthood, 
with new bone deposited at the inferior border (37).  Addition of this bone throughout 
adulthood explains the greater distance between the mental foramen and the inferior 
border of the mandible as patients age.  The increase in the height of the mandible may 
also explain the greater apical position of the foramen as the foramen moves with the 
bone while the teeth stay relatively constant with the unchanged mandibular plane (37).  
To determine if the foramen moves with age in any one person longitudinal studies would 
need to be undertaken. 
Lastly, the distalization of the foramen relative to the apices of the 1st premolar 
may be a consequence of the constant mesial migration of teeth.  Cephalometric tracings 
from early adulthood throughout life show a distinct mesial migration of teeth (34,37).   
Another study showed even patients with congenitally missing 3rd molars exhibit distinct 
mesial crowding over time due to mesial migration (36).  
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These results and their comparisons to existing research illustrate that the position 
of the mental foramen is not a fixed and predictable location. It is also clear that age and 
gender can have an effect on the location of the foramen.  Since the foramen does not  
have any static and dependable landmarks it is a practitioner’s responsibility to gain an 
understanding of the mental foramen’s location with adequate imaging prior to initiating 
surgical intervention, therefore, reducing the risk of surgical sequelae. 
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